Damage to the palmar cutaneous branch of the median nerve (PCBMN) is a potential complication of surgery at the volar aspect of the wrist. The aim of this study was to determine the relationships of the PCBMN to both surface and bony landmarks using reliable methods. Ten pairs of forearms from cadavers aged 73 to 98 years were dissected. The PCBMN was identified and its course and relationships documented. The situation of the PCBMN was quantified relative to the distal wrist crease, bistyloid line, scaphoid tubercle, radial styloid process and flexor carpi radialis tendon. A PCBMN was identified on 90% of sides. The PCBMN arose from the radial aspect of the median nerve 52.4 (SD 31.0) mm from the bistyloid line and entered the transverse carpal ligament 10.9 (SD 9.5) mm proximal to the bistyloid line. At the level of the distal wrist crease the PCBMN was located 0.6 to 7.5 mm (mean 4.5; SD 1.9 mm) from the ulnar aspect of the flexor carpi radialis tendon. The inter-and intra-observer reliability of the measurement methods ranged from ICC 0.96 to 1.00. Detailed morphometric data of the PCBMN relative to bony landmarks contribute to knowledge of the spatial relationships of the PCBMN to inform the precision of surgical incisions.
Introduction
The palmar cutaneous branch of the median nerve (PCBMN) has attracted much interest due to its vulnerability to direct trauma or accidental injury during a variety of surgical procedures around the volar forearm and wrist,
Materials and Methods
Ten pairs of forearms, with hands attached, from six female and four male embalmed human cadavers aged 73 to 98 years (mean 89.4, SD 8.11) with no obvious signs of surgery, muscle wasting or pathology were dissected at the Centre for Learning Anatomical Sciences, University of Southampton. The study was approved by the institutional ethics committee.
Each forearm was dissected proximal to distal to first expose the median nerve and then the PCBMN. Once the PCBMN was identified the median nerve was exposed proximal to distal to ascertain the extent of the PCBMN and to avoid creating a false point of origin. Related neurovascular and musculoskeletal structures were dissected and a pin inserted into each bony landmark after they were clearly exposed by dissection. The morphology and relationships of the PCBMN were documented, including the incidence and pattern of anomalies. The following measurements were made using calibrated digital calipers (Mitutoyo, Tokyo, Japan) with the forearm in supination:
• Origin of the PCBMN (from the median nerve) to the bistyloid line, scaphoid tubercle and distal wrist crease (proximal to distal distance) (Figure 1 ).
• Distance from the point at which the PCBMN pierced the transverse carpal ligament to the bistyloid line and distal wrist crease (proximal to distal distance) and scaphoid tubercle (medial to lateral distance).
• Between the PCBMN (where it crossed the distal wrist crease) and the scaphoid tubercle, radial styloid process and the ulnar aspect of the FCR tendon (medial to lateral distance).
• Length of the PCBMN from its origin at the median nerve to the point at which it pierced/entered the transverse carpal ligament (proximal to distal distance). A piece of nylon thread was used to trace the true length of the PCBMN and the length of the thread was then measured using the calipers. The most superficial aspect of the scaphoid tubercle was used for all measurements. Measurements were made three times using the blind side of the caliper, which was reset to zero after each measurement, and the mean calculated. All measurements were repeated within ten days and a second observer was trained to perform the measurements for the determination of intra-observer reliability and inter-observer reliability, respectively.
Data was presented as mean and standard deviation values with minimum and maximum values to indicate the extent of individual variation. Differences between left and right sides and male and female subjects were compared using paired and unpaired t-tests, respectively (significance level p = 0.05). Intra-observer reliability and inter-observer reliability were determined using intra-class correlation coefficients ICC (2, 1) and ICC (3, 1), respectively. All analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, Illinois, USA).
Results
A PCBMN was identified on 18 (90%) of 20 sides (absent on two right sides, one male and one female). When present, the PCBMN arose from the radial aspect of the median nerve a mean of 55.15 (SD 28.69) mm proximal to the distal wrist crease, 76.04 (SD 31.89) mm proximal to the scaphoid tubercle and 52.38 (SD 31.55) mm proximal to the bistyloid line (Table 1, Figure 1 ). The PCBMN remained bound to the median nerve by connective tissue before it emerged obliquely and radially from the lateral aspect of the flexor digitorum superficialis muscle to lie a mean 4.46 (SD 1.91) mm, 22.82 (SD 14.06) mm and 29.07 (SD 6.57) mm medial to the ulnar aspect of the flexor carpi radialis (FCR) tendon, scaphoid tubercle and radial styloid process, respectively, at the level of the distal wrist crease ( Table 1) . The nerve then entered its own tunnel within the transverse carpal ligament, however, in seven specimens the PCBMN gave off a small branch to the fascia of the transverse carpal ligament before doing so. The point at which the nerve entered the transverse carpal ligament was a mean of 10.88 (SD 9.48) mm and 10.69 (SD 8.68) mm distal to the bistyloid line and distal wrist crease, respectively, and a mean of 22.73 (SD 14.35) mm medial to the scaphoid tubercle ( Table 1) . The average length of the PCBMN was 57.40 (SD 29.15) mm (females right 54.1 (SD 5.6) and left 67.1 (SD 45.3); males right 39.1 (SD 5.5) and left 60.7 (SD 27.9)).
With the exception of distance between the PCBMN and the ulnar aspect of the FCR tendon, all measurements of the PCBMN were generally greater in female compared to male subjects ( Table 1) . Within individuals, the morphometry of the PCBMN often varied between left and right sides ( Table 1) . No statistical differences were identified between sexes or sides. Intra-observer and inter-observer reliability were excellent for all measurements and ranged from ICC 0.99 to 1.00 and 0.96 to 1.00, respectively.
Discussion
In this study, the location of the PCBMN relative to palpable osseous landmarks and the distal wrist crease was investigated to determine the proximal-distal and medial-lateral relationships of the PCBMN at the wrist. We found greater consistency between measures of the PCBMN to the bistyloid line [3] [20] . The PCBMN arose from the radial aspect of the median nerve a mean of 52.4 (SD 31.0) mm and entered the transverse carpal ligament a mean of 10.9 (SD 9.5) mm proximal to the bistyloid line, respectively. At the wrist, the PCBMN was located 0.6 to 7.5 mm (mean 4.5; SD 1.9 mm) medial to the ulnar aspect of the flexor carpi radialis tendon.
Topographical markers and detailed knowledge of the disposition of the PCBMN in relation to landmarks are important in ensuring the preciseness of surgical incisions to prevent iatrogenic injury and ensure a good outcome [14] [15] . Whilst superficial skin markers such as the distal wrist crease are typically used for the planning of surgical incisions, there has been some concern regarding the variability of skin creases [3] . Bony landmarks may be relevant to the prevention of PCBMN damage arising from surgical interventions at the volar aspect of the wrist, when structures such as the FCR tendon are difficult to palpate or the PCBMN is difficult to visualise due to pronounced soft tissue swelling or trauma [7] . Previous studies have focused on proximal-distal measures between the PCBMN and the distal wrist crease, overlooking both the relationships to bony landmarks and the medial-lateral disposition of the PCBMN. Thus there is insufficient data to understand the three-dimensional anatomy and spatial relationships of the PCBMN at the wrist. Anatomical studies such as this one are needed since MR studies currently do not enable sufficient visualisation of the PCBMN [13] [21] . This paper contributes to the creation of an accurate representation of the anatomy of the PCBMN on the volar aspect of the forearm and wrist. Dissection based studies are very often limited to a sample of elderly embalmed cadavers, and so it is suggested that future studies could be conducted using ultrasound to examine the location of the PCBMN in living subjects. This has the advantage of exploring potential age related differences along with surface and bony landmarks to help extend our understanding of the precise anatomy of this nerve relevant to the planning of safe surgical incisions [12] [15] .
The range of values measured between the PCBMN and the distal wrist crease and bistyloid line were similar to previous measurements [3] [6] [17] . The location of the PCBMN relative to the bistyloid line was, on average, within 15 mm of measures made from the distal wrist crease. This finding is in agreement with Chaynes et al. [3] who determined that the distal wrist crease was located between 0 and 11.2 mm distal to the bistyloid line. The mean length of the PCBMN in the present study was similar to the 52.4 mm and 54.6 mm recorded by Bezerra et al. [17] and Chaynes et al. [3] , respectively, but less than the 12.9 cm reported by Hobbs et al. [7] . The distance between the PCBMN and radial styloid process and FCR tendon were comparable with measures made by Kwiatkowska et al. [15] from the radial side of the hand and by McCann et al. [13] at the distal physeal scar of the radius.
The PCBMN was absent in two of the twenty specimens dissected, which is consistent with the findings of Born et al. [22] and Carare et al. [23] . The PCBMN has previously been described as consistently present [3] [20] . It is possible that the PCBMN had a higher origin in limbs in which only the forearm was available for study and is a limitation of studies in which the cadaveric specimens are primarily used for teaching purposes. Our observations confirmed that the PCBMN entered its own fibrous tunnel in the transverse car-pal ligament, but in seven specimens it gave off a small branch to the deep fascia of the transverse carpal ligament [1] .
The wide range of measures in this and previous studies may reflect the individual diversity of subjects. In future studies, it may be beneficial to measure the dimensions of each individual's forearm, wrist and hand in order to normalise the measurements of PCBMN morphometry. This would facilitate comparisons between studies and may account for potential differences. It is of course possible that some variations may be the result of methodological differences. Bony landmarks were chosen in the present study as it was felt these would be more reproducible than measures from the distal wrist crease as used in previous studies. The intra-and inter-observer reliability was found to be equal for measurements made from the bistyloid line, scaphoid tubercle and distal wrist crease. The reliability of measurement methods used in previous studies has not been documented. The authors would recommend that any further anatomical investigations of this nature adopt reliability measures as a way of ensuring more meaningful comparisons of the data in the future.
Conclusion
The detailed knowledge of the morphometry of the PCBMN in relation to bony landmarks enhances understanding of the three-dimensional anatomy and relationships of the PCBMN which may assist in surgical applications in the region of the volar aspect of the forearm and wrist.
